This project develops a mathematically-justified, computationally-efficient, massively-parallelized framework for coupling Monte Carlo (MC) and deterministic models to achieve: a) improved convergence of MC via enhanced biasing methods; b) reliable and efficient MC inverse analysis; c) accumulate sensitivity coefficients of all responses, including reactor core attributes with respect to input data; d) estimate all reactor core attributes uncertainties due to basic nuclear data uncertainties; e) determine energy-collapsed cross-sections for deterministic methods based on MC solutions. To be performed routinely as part of the design process, most of these objectives are currently considered computationally intractable despite the anticipated growth in computer power.
This project devises a novel parallel algorithm suitable for solving the discrete ordinates approximation of the transport equation on massively parallel platforms. We achieve this goal by abandoning the mesh sweep algorithm that is at the core of traditional solution schemes, in favor of an equivalent formulation that naturally decomposes the spatial domain into decoupled subdomains. However, unlike earlier efforts, the solution of the transport equation within each subdomain is not based on a mesh sweep but rather on direct solution of a matrix equation resulting from an equivalent integral formulation of the discretized transport operator.
Academic Career Development for a Nuclear Engineering Junior Faculty at North Carolina State University Igor A Bolotnov (PI), John Mattingly (Co-PI), Yousry Y. Azmy US Nuclear Regulatory Commission $385,000 04/01/12 -03/31/15 The goal of this project is to assemble an attractive package to help the Department recruit a top-notch candidate and provide them a reliable resource to supplement the standard startup package. The benefit to the Department is ability to attract top talent to apply for the position, and retain them in an academic career. The benefit to nuclear science and engineering is replenishing and rejuvenating the cadre of academicians who will shape the future of nuclear energy in the US and globally through their research and by educating a new generation of nuclear professionals essential to implementing the nation's nuclear agendas.
Accurate Holdup Calculations with Predictive Modeling and Data Integration
Yousry Y. Azmy (PI) Nuclear Energy University Program (NEUP), US Department of Energy $875,000 10/01/12 -10/01/15 In nuclear materials processing facilities it is important to account accurately for the fissile material that enters and leaves the plant to prevent or detect theft or misuse. During normal operation small amounts of material stick to walls or get trapped in equipment. Over years, these small material "holdups" accumulate into significant quantities. Thus, accurately estimating the holdup is an important component of material accounting. The approach developed in this project fully couples predictive computational radiation transport models while integrating all data. The PI has a standing interest in the development and implementation of advanced numerical methods for solving radiation transport problems using the discrete ordinates approximation, and of advanced algorithms for solving the resulting systems of equations on multiprocessor platforms. Meanwhile INL as the designated nuclear energy lab is spearheading efforts to modernize computational capabilities in the nuclear field, a field that has become heavily reliant on modeling and simulation. This project establishes a framework for computational transport scientists at INL and NCSU will share their experiences and coordinate the evolution of their respective methods, algorithms and codes. The work comprising this project will support development and use of nuclear computational tools and methods for application in nuclear nonproliferation, nuclear security, and homeland security. Dr. Mattingly will be responsible for developing and utilizing computational methods for performing analyses of nuclear detection technologies for projects supported by the DOE/NNSA nonproliferation programs, the DHS Domestic Nuclear Detection Office, and the DOD Defense Threat Reduction Agency. He will engage with technical staff in ORNL's Nuclear Security Modeling Group and other ORNL staff to support existing projects, develop joint proposals and identify relevant subjects and research programs for NCSU students. This project involves the modeling and comparison of numerical results to experimental measurements of criticality parameters and power distribution of the ATR performed in 1994. The use of experimental measurements will allow the project investigators to better understand the performance of the AHOT method for a real engineering application with a very significant level of complexity with respect to all of the independent variables energy, space and angle). The final product of this proposed work will further qualify the production, core level transport code, THOR through verification and validation against reactor physics parameters for a complex, heterogeneous wellcharacterized integral reactor experiment.
INEST

Simulation and Modeling of the Interactions of Liquid Turbulent Eddies and Gas Bubbles
Igor A Bolotnov (PI) National Science Foundation (NSF) $275,764 07/15/13 -06/30/16 The objective of the proposed research is to quantify bubble/turbulence interactions in a wide variety of flow conditions by analyzing experimentally validated interface tracking simulations and developing new turbulence-spectrum aware interfacial force models for CMFD and multiphase largeeddy simulations (LES). Fundamental understanding of forces governing bubble/turbulence interactions is a major key to the new generation of multiphase CFD and LES models which will allow virtual testing and design of multiphase flow systems. The proposed waste package provides a barrier to prevent air/soil contaminants from making contact with packages causing damage/weakening, and protects the structural materials used in the packages enhancing their mechanical properties to allow movement/transportation of the waste package over the storage lifetime. This project will develop, evaluate, and optimize a three-component coating for the outside of waste packages that will provide a multi-purpose barrier. It is proposed to add components to the shield coatings that will provide a diffusion barrier, enhance wear and corrosion resistance, improve thermal cycling tolerance, and that will guarantee long-term adhesion of the shield coating.
GAANN Interdisciplinary Doctoral Program in Nuclear Science and Engineering
Christopher R. Gould (PI), Mohamed A. Bourham (Co-PI), David M. Shafer (Co-PI) US Dept. of Education (DED) $396,456 08/16/12 -08/15/13 This project allows NCSU to increase its commitment to graduate training in nuclear science and engineering (NS&E). The goal is to increase U.S. citizens and permanent-residents pursuing teaching and research careers in NS&E, thereby developing the workforce necessary for enhancing US competitiveness in energy and medical research. The program's strategy: Recruit six GAANN doctoral fellows, including women, minorities and persons with disabilities, to NS&E; ensure GAANN fellows benefit from available world-class NS&E resources, obtain doctoral degrees, and find suitable employment. Anticipated outcomes: Six additional NS&E PhDs; Post-doctoral opportunities for fellows; enhanced interdisciplinary focus through recruiting outstanding students interested in academic careers. This project will perform analytical, modeling, computational, and experimental research to support safety analysis of mPower's SMR design by characterizing hypothetical severe accident scenarios. The work supports preparation of a design-specific severe accidents evaluation methodology for mPower's design. While core degradation scenarios are highly improbably, remote and speculative in the mPower design, treatment of severe accidents is central to defense-in-depth and risk considerations for advanced nuclear power plants. The project's systematic approach to severe accidents characterization includes identification of design-specific severe accident phenomenology, severe accident phenomenology verification and validation, severe accidents test scaling, and severe accident prevention and mitigation requirements.
Integration of a Fortran-based, Dynamic Small Modular Reactor Model with the Nuclear Hybrid Energy System Model in the Mode Joseph M. Doster (PI) Battelle Energy Alliance, LLC $10,241 06/06/13 -09/30/13 A high fidelity model incorporating a reactor, power conversion system, and local electrical grid with sufficient detail for controls engineering has been developed at NCSU for preliminary investigation of SMRs as a dynamic stability aid in small electrical grid applications. This project continues integrating NCSU's model with INL-NHES simulation framework to allow full integration of the SMR model in the NHES Modelica simulation environment. This will enhance the value proposition for NHES and clarify key requirements for a nuclear power source that would be coupled to a NHES and will help identify key challenges in the integrated system operation.
Modeling Solute Thermokinetics in LiCL-KCL Molten Salt for Nuclear Waste Separation Jacob Eapen (PI) University of Wisconsin -Madison $285,110 07/20/10 -07/31/13 This project will develop first-principles based molecular modeling and simulation approaches to predict fundamental thermokinetic properties of dissolved actinides and fission products in molten salts. Present nuclear waste separation methods are controlled by solute and salt properties that are often difficult to measure experimentally. The simulation results, derived from first principles, are of utmost value for interpreting experimental results, validating analytical models, and optimizing waste separation by potentially developing new salt configurations and operating conditions. The methods will focus on first-principles and derived interatomic potential based simulations with moleculardynamics. Results will be validated against literature and ongoing experimental effort at UW. The Associates Program -Nuclear Techniques in Oil Well Logging (APNTOWL) of research supporting the Center for Engineering Applications of Radioisotopes (CEAR) at NCSU is being expanded to include up to ten organizations engaged in oil well logging by nuclear methods. The research focus is modeling nuclear oil well logging devices with MCNP or CEAR's special purpose Monte Carlo codes. CEAR is also interested in developing fast semi-empirical models based on simulated data using existing Monte Carlo codes for both generic and proprietary nuclear logging tools. They can be used for real time log interpretation such as borehole/formation effects.
Development of Computational Models of Tool Response to Neutron Sources for Radioisotope
Source Replacement Robin P. Gardner (PI) Los Alamos National Laboratory (LANL) $30,000 07/25/13 -12/31/13 This project will develop computational models of tool response to neutron sources for radioisotope source replacement particularly for the oil-well logging industry. The PI shall use their computational resources at NCSU in support of LANL's effort to generate computational models of generic logging tool responses to neutron source for Radioisotope Source Replacement (RSR). For each source type (D-T, D-D, and T-T) the PI will report: 1) tool response using the point isotropic source approximation; 2) optimum detector spacing; 3) response using LANL provided neutron spectra and yield.
Production of Gamma-Ray Spectral Libraries for Nuclear Threat Cargo Monitoring Robin P. Gardner (PI) US Dept. of Energy (DOE) $899,446 06/01/12 -05/31/14 This project is to investigate the fundamental limitations and their solution to the library approach for the inverse radiation spectrum application for detecting nuclear terror radiation sources. This project aims at establishing a positron microprobe spectrometer. The proposed development builds upon the great success of a state-of-the-art positron beam that is located at NCSU's PULSTAR reactor. The microprobe spectrometer will be optimized to examine micron-sized regions of interest in the tested samples.
Accurate Development of Thermal Neutron Scattering Cross Section Libraries Ayman I. Hawari (PI) Nuclear Energy University Program (NEUP), US Department of Energy $1,089,703 10/01/09 -09/30/13 NCSU and Oak Ridge National Laboratory will develop a fundamental and accurate approach for generating thermal neutron scattering cross section libraries for important neutron moderators and reflectors. The primary components of this approach are physical accuracy and completeness of generated data libraries. Consequently, for the first time, thermal neutron scattering cross section data libraries will be generated that are based on accurate theoretical models, that are carefully benchmarked against experimental and computational data, and that contain complete covariance information that can be used in propagating the data uncertainties through the various components of the nuclear design and execution process.
Beta-Decay Measurements with Ultracold Neutrons Albert R. Young (PI), Ayman I. Hawari (Co-PI), Bernard W. Wehring National Science Foundation (NSF) $729,745 09/15/10 -08/31/15 This project comprises an REU supplement to support an undergraduate to be trained in the procedures required to construct a unique, variable energy electron accelerator for use in beta-decay and multi-disciplinary research. In particular, this device will be used to provide detailed calibration information for several beta-decay experiments, as well as providing fundamental data on meta-stable formation in air due to ionizing radiation. Generation of Thermal Neutron Scattering Law Ayman I. Hawari (PI) Lawrence Livermore National Security, LLC $80,000 01/22/14 -09/30/16 NCSU will develop models for executing molecular dynamics simulations for selected materials. The models will be used to calculate the scattering law in ENDF format and will be provided to the National Nuclear Data Center at Brookhaven National Laboratory.
Nuclear Energy University Program -Reactor Upgrades -A High Resolution Laser Scanner in Support of Digital Neuron Imaging Ayman I. Hawari (PI) US Dept. of Energy (DOE) $123,840 07/15/12 -12/15/13 The objective of this project is to acquire a high resolution laser scanner for applications in neutron imaging. The performance of this device is expected to result in digital neutron images with a resolution approaching that of standard film. However, the digital approach will be free from the drawbacks of film imaging including the limited dynamic range and the susceptibility to noise.
Nuclear Engineering University Program -Infrastructure Major Upgrade to the PULSTAR Reactor From 1-MWth To 2-MWth Ayman I. Hawari (PI) US Dept. of Energy (DOE) $1,378,987 08/16/10 -12/31/14 The objective of this project is to enhance the operational and performance capabilities of the North Carolina State University (NCSU) PULSTAR reactor through a power uprate from 1-MWth to 2-MWth and to establish much of the infrastructure that might be needed when considering future higher powers (e.g., 5-MWth). In general, the power uprate is anticipated to provide enhanced radiation (neutrons, gamma-rays, positrons, etc.) intensities at all in-core and ex-core irradiation locations. Consequently, this will benefit the mission objectives of the PULSTAR reactor, namely, education, scientific research and community service.
One-Dimensional Nanostructures for Neutron Detection Yong Zhu (PI), Ayman I. Hawari (Co-PI), Jacob Eapen Nuclear Energy University Program (NEUP), US Department of Energy $455,629 09/28/11 -09/30/14 Compact size, low operating voltage, fast charge-collection speed and high sensitivity are important measures of neutron detectors. Other measures include low radiation damage and compatibility with different substrates. Recent advances in materials processing show that low dimensional structures such as nanotubes and nanowires have superior electrical sensitivity relative to bulk materials. This proposal aims to develop high efficiency, pixel array neutron detectors using boron carbon nitride nanotubes.
Optimizing Neutron Thermal Scattering Effects in Very High Temperature Reactors Ayman I. Hawari (PI) Nuclear Energy University Program (NEUP), US Department of Energy $862,077 10/01/09 -09/30/13 Accurate knowledge of thermalized neutrons' energy distribution enhances the ability to predict operational and safety aspects of reactors including cycle energy, fuel economics, optimum moderator-to-fuel ratio, radionuclide inventories. Details of this energy distribution depend directly on the ability to model the process of energy exchange (through inelastic scattering) between low energy neutrons and the moderator lattice. At energies below 1 eV, neutrons begin to recognize the chemical binding between moderator atoms. Consequently, understanding the dynamics of the moderator's atomic structure becomes essential to calculating the exchange of energy between neutrons and moderator to establish the thermal spectrum within a reactor core. No dollar value assigned 09/24/12 -09/24/13 The North Carolina State University (NCSU) Nuclear Engineering (NE) department will conduct basic R&D to support Applied Research Associates development of gamma and neutron imaging systems for DTRA. NCSU will provide assistance in the requirements definition, trade study, design, and testing of alternative systems for gamma and neutron imaging.
Design, Evaluation, and Testing of a High-Efficiency Single-Volume Neutron Scatter Camera John Mattingly (PI) Sandia National Laboratories $76,608 01/30/14 -09/30/14 North Carolina State University (NCSU) Department of Nuclear Engineering (NE) will support ongoing efforts at Sandia National Laboratories (SNL) to develop a high-efficiency single-volume neutron scatter camera (SVNSC).
Development of a New Course on Nuclear Nonproliferation and Safeguards John Mattingly (PI) Oak Ridge National Laboratory -UT-Battelle LLC $27,054 02/22/13 -12/31/14 This project supports NE students' field trip to ORNL as a part of the NCSU Graduate Course on radiation detection. The purpose of this project is to develop a new graduate level course, titled "Nuclear Nonproliferation and Safeguards" to teach nuclear security and safeguards from both global and technical perspectives. The students will be equipped with state-of-the-art techniques of nuclear safeguards and security and develop holistic understanding of these issues. Learning will be enhanced through class projects, web-based on-line interactions with subject matter experts, and a field trip to ORNL's safeguards laboratory. The properties of fissionable materials that govern the propagation of fission chain-reactions are known, but only inexactly and imprecisely. In this project we use the massively scalable radiation transport code Denovo to demonstrate new techniques for neutron transport physics parameter adjustment and uncertainty quantification. We have modified Denovo to implement adjoint sensitivity analysis, propagation of uncertainty, and new data assimilation methods for parameter adjustment. Preliminary analysis of a subcritical plutonium experiment revealed significant errors in fission neutron multiplicity of plutonium-239. We complete this study: first complete application of data assimilation to the analysis of a relevant set of subcritical experiments.
Nuclear Forensics Junior Faculty Award Program John Mattingly (PI) University of South Carolina $240,000 04/30/12 -12/31/14 North Carolina State University's (NCSU) Department of Nuclear Engineering will develop a program of research and education to support the U.S. Department of Homeland Security (DHS), Domestic Nuclear Detection Office (DNDO) initiative to restore and sustain an enduring pipeline of expertise in nuclear forensics. NCSU will work with Oak Ridge National Laboratory (ORNL) to jointly devise (1) topics for course study that emphasize existing methods in nuclear forensics: and (2) topics for graduate research that advance the state of the art in nuclear forensics. Research topics will be focused on improving analyses of nuclear and non-nuclear materials and post-detonation derbies.
XSEDE Startup Account Application: Development of an Inverse Radiation Transport Modeler's Toolkit John Mattingly (PI), Richard T Evans National Science Foundation (NSF) No dollar value assigned 07/01/13 -06/30/14 We use this XSEDE account to verify and validate Denovo's ASAP implementation on the benchmark experiment "Polyethylene-Reflected Plutonium Metal Sphere: Subcritical Neutron and Gamma Measurements", Mattingly, (2009) -where neutron and photon count rates at specified distances from a plutonium source were measured. The verification and validation of the implementation will be performed at various spatial, angular, and energy discretizations. We estimate 10 11 degrees of freedom to obtain consistency with the experiment, requiring ~800 gigabytes of memory. This requires ~700 cores on Kraken to store the problem state, and additional cores to store Krylov vectors used by Denovo's Trilinos-based GMRES routine. A novel testing system will be designed and developed for mechanical testing of miniature tubular specimens under any combination of axial, torsional, and internal pressure monotonic and cyclic loading in the room to 1000 o C temperature range. The proposed test system size and orientation will be designed such that it can be set under an optical microscope (OM) and scanning electron microscope (SEM) for in-situ microstructural studies and will create research opportunities in material design and component manufacturing, integrated through constitutive and computational modeling research. Development of the system will performed by detailed thermo-mechanical analysis.
